ABSTRACT Treating Mexican grapefruit with gibberellic acid (GA 3 ) before color break, signiÞ-cantly delayed peel color change and increased peel puncture resistance, but it did not reduce grapefruit susceptibility to Mexican fruit ßy, Anastrepha ludens (Loew) attack under natural conditions. Despite GA 3 treatments, larval infestation levels increased with higher fruit ßy populations, which also increased as the season progressed. Late in the season, infestation levels were even higher in GA 3 -treated fruit compared with untreated fruit, possibly because treated fruit were in better condition at that stage. Egg clutch size was signiÞcantly greater in very unripe, hard, GA 3 -treated fruit at the beginning of the harvest season and in December, compared with control fruit. Under laboratory conditions, egg injection into different regions of the fruit suggested that A. ludens eggs are intoxicated by peel oil content in the ßavedo region. However, A. ludensÕ long aculeus allows females to oviposit eggs deeper into the peel (i.e., albedo), avoiding toxic essential oils in the ßavedo. This makes A. ludens a particularly difÞcult species to control compared with other citrus-infesting species such as Anastrepha suspensa (Loew), Anastrepha fraterculus (Wiedemann), and Ceratitis capitata (Wiedemann) (ßy species with signiÞcantly shorter aculei), which can be effectively managed with GA 3 sprays. We discuss our Þndings in light of their practical implications and with respect to the oviposition behavior of various fruit ßies attacking citrus.
Tephritid ßies are known to be among the most economically important pests in fruit-growing areas worldwide (Robinson and Hooper 1989, Aluja 1994) . In Mexico, some species in the genus Anastrepha are the most noxious, but Toxotrypana curvicauda Gerstaecker and some Rhagoletis species also can cause severe problems (Aluja 1993) . In Veracruz (and other states such as Nuevo Leó n and Tamaulipas), citrus are attacked by the Mexican fruit ßy, Anastrepha ludens (Loew), but not by the Mexican form of Anastrepha fraterculus (Wiedemann) , Hernán-dez-Ortiz et al. 2004 ). Each year, Ϸ20% of the local grapefruit production is lost because of Mexican fruit ßy infestation, and in some locations, up to 40% is lost if fruit is harvested 2 mo or more after color break (change from green to yellow) (E.B., unpublished thesis). Despite this, citrus growers retain fruit on the tree as long as possible to obtain a better price in the market.
Gibberellic acid (GA 3 ) has been used Ͼ30 yr to extend postharvest shelf life of citrus fruit (El-Otmani and Coggins 1991) without interfering with internal ripening or fruit quality (Coggins 1973 , Ali Dinar et al. 1976 , Ferguson et al. 1982 . It also has been proven to delay citrus fruit peel senescence, which directly inßuences citrus susceptibility to fruit ßy attack Greany et al. 1987 Greany et al. , 1991 Rö ssler and Greany 1990) . Citrus resistance to fruit ßy attack has been attributed in part to chemical characteristics of the peel (essential oils in the ßavedo) and to physical properties such as peel thickness (mainly ßavedo thickness) and peel resistance to puncture . GA 3 has been successfully applied to reduce grapefruit and orange susceptibility to attack by the Caribbean fruit ßy, Anastrepha suspensa (Loew) and Mediterranean fruit ßy, Ceratitis capitata (Wiedemann), respectively (Greany et al. , 1991 (Greany et al. , 1994 Rö ssler and Greany 1990) . Greany et al. (1994) proposed that the use of GA 3 in Florida would not reduce yield losses to A. suspensa, because they are insigniÞcant, but it would diminish the like-lihood of infestation, which could be used to strengthen ßy-free protocols.
Here, we sought to test the effect of GA 3 treatment on ÔRuby RedÕ grapefruit, Citrus paradisi Macfadyen, susceptibility to A. ludens attack in grapefruit orchards in Veracruz, Mexico. Laboratory experiments also were carried out to determine A. ludensÕ oviposition depth, clutch size, and larval survival in GA 3 -treated and control grapefruit. Because A. ludens is particularly adept at infesting grapefruit, we compared the ovipositor sheath length between this and other citrus infesting species (e.g., A. suspensa and C. capitata). We note that because citrus fruits in Mexico are attacked primarily by A. ludens late in the season, our objectives for GA 3 use were somewhat different than in Florida and were primarily aimed at increasing citrus production and at extending the harvest season as long as possible to obtain better fruit prices (E.B., unpublished thesis).
Materials and Methods
Study Site. Our study was carried out during the 1992Ð1993, 1993Ð1994, and 1994 Ð1995 harvest seasons in a Ruby Red grapefruit orchard, "Finca La Florida" located in Congregació n de Cañ adas, municipality of Martṍnez de la Torre, Veracruz at 400 m above sea level and at 19Њ 58Ј N latitude and 96Њ 47Ј W longitude. This site has a distinctive dry season that can last between 4 and 5 mo (from the middle of March to the middle of July). The mean annual rainfall is 1,600 mm, and the average temperature is 22ЊC (INEGI 1984) . In all cases, fruit in this orchard were sprayed with GA 3 or water and were later collected and transported to the Instituto de Ecologṍa, A.C. headquarters in Xalapa, Veracruz (Ϸ3-h drive) to assess degree of larval infestation and for further studies (details follow).
GA 3 Application Method and Dose. A random block design was used throughout (i.e., all three seasons). Treatment trees were sprayed with GA 3 (ProGibb Plus 2X wettable powder; Abbott Laboratories, North Chicago, IL) and a surfactant (dimethyl polysiloxane modiÞed with alkylene oxide, Silwet L-77 OSi Specialities, Danbury, CT). During the Þrst season (1992Ð 1993) , trees were treated with the following applications of GA 3 and associated surfactant: 20 ppm (one application), 20 ppm (two applications), 20 ppm ϩ 0.1% L77 (one application), 20 ppm ϩ 0.1% L77 (two applications), and 40 ppm ϩ 0.1% L77 (one application). Untreated (absolute control) trees were sprayed with water. During the second season (1993Ð 1994) , only one GA 3 dose was used (15 ppm GA 3 ϩ 0.05% L77). During the third season (1994 Ð1995), the same GA 3 dose was used (15 ppm) with two surfactant concentrations (0.035 and 0.05% L77). In all three seasons, the GA 3 solution was applied to the fruit and foliage by means of a hand sprayer attached to a 1,500-liter tank, which was pulled by a tractor. During the Þrst season, fruit were treated before color break on 3 August 1992 (Þrst treatment) and 1 mo later (second treatment). Fifteen trees were used per treatment (Þve replicates of three trees). In the following two seasons, fruit were treated only once, on 5 August 1993, and 9 August 1994, respectively. During 1993Ð 1994, 162 trees were used per treatment (nine replicates of 18 trees), and during 1994 Ð1995, 30 trees per treatment were used (Þve replicates of six trees). For comparative purposes, our overall experimental approach, GA 3 concentrations, types of surfactants as well as application procedures closely followed Greany et al. (1987 Greany et al. ( , 1991 Grapefruit were sampled monthly from November through February during the 1992Ð1993 season (n ϭ 75 per treatment). One fruit was sampled from each tree. For the 1993Ð1994 season, fruit were sampled from October through January (n ϭ 164 per treatment). Four fruit were sampled from 41 trees selected randomly. For the 1994 Ð1995 season, fruit also were sampled from October through January (n ϭ 20 per treatment); two fruit were sampled from 10 randomly selected trees. All measurements to assess peel puncture resistance and fruit color were taken within a 48-h period after fruit was harvested.
Measurement of A. ludens Fruit Infestation Levels. Effect of GA 3 treatment on A. ludens fruit infestation was measured in terms of the number of larvae per fruit. We sampled fruit from all three seasons, but only report results from the Þrst two because during the last season ßy populations crashed, and as a result, fruit infestation was negligible. Infestation rates were determined during the 1992Ð1993 season by holding 75 fruit per treatment (Þve fruit from 15 trees per treatment) in individual plastic containers to allow larval development. During the 1993Ð1994 season, infestation was determined by holding 410 fruit (10 fruit from 41 trees per treatment). In all cases, a Þne sandÐsoil mixture was placed under the fruit. These were then examined until they decomposed or until all larvae exited the fruit and pupated. Fruit were dissected to ascertain if any live or dead larvae remained before they were discarded.
Assessment of A. ludens Population Size. Fruit ßy populations were assessed each season from November to February by placing McPhail traps within the experimental plot. Twelve traps were hung at random in trees (12 traps/0.25 ha) and were baited with a solution of 2.5 ml of hydrolyzed protein (Captor Plus, Agroquṍmica Tridente, Mé xico, D.F., Mexico) and 5 g of borax (granular borax pentahydrate) mixed with 250 ml of water. One day before tests began, 10 treated (15 ppm GA 3 ϩ 0.05% L77) and 10 untreated grapefruit were harvested from the commercial orchard during the 1993Ð1994 season and transported to the laboratory in Xalapa. Tests were carried out by placing 15 gravid A. ludens females inside 30-by 30-by 30-cm Plexiglas cages and exposing two fruit to the oviposition activity of females (separate cages for treated and untreated fruit were used). Each oviposition was marked with an indelible pen. In all cases, females were allowed to drag their aculeus after ovipositing (i.e., to host mark). A maximum of four ovipositions were allowed per fruit before it was replaced by another one from the same treatment (i.e., treated or control fruit). Fifteen fruit were used to obtain a total of 20 ovipositions per treatment, and this was replicated four times (i.e., four different cohorts of 15 ßies per treatment [total of 120 ßies]). Fruit was then dissected under a microscope. Oviposition depth, ßavedo/albedo thickness, and eggs per clutch were recorded.
Survival of A. ludens Larvae Artificially Inserted into Ruby Red Grapefruit. We also determined larval survival in GA 3 -treated (15 ppm GA 3 ϩ 0.05% L77) and untreated fruit during the 1994 Ð1995 season. We placed 30 sexually mature A. ludens females and 15 males in screened Plexiglas cages and offered them an artiÞcial oviposition medium. The latter consisted of two 3-cm-diameter agar spheres wrapped in ParaÞlm "M" (American National Can, Chicago, IL) that were placed inside these cages and changed daily (Jácome et al. 1995) . Eggs were dissected from these spheres (there were up to 60 punctures per sphere containing up to 480 eggs) and were then injected into different regions of either treated or untreated fruit (i.e., ßa-vedo, albedo and pulp). To achieve this, Þve eggs per puncture were introduced into an 18-gauge syringe (20 eggs per fruit) and injected into the citrus peel with a 0.25% agar solution. Ten grapefruit were used per treatment with four punctures per fruit (n ϭ 30 fruit per treatment). Before injecting the eggs, fruit were washed with a borax solution (6 g of borax/3 liters of water) to avoid bacterial or fungal infection. Eggs were injected into the "blossom end" of fruit, because A. ludens females under natural conditions normally lay their eggs in the lower hemisphere of grapefruit (Aluja et al. 2000) . Once eggs were injected into the fruit, the wound was sealed with silicone (Pens Silicó n, Productos Pennsylvania, Mé xico, D.F., Mexico). Larval survival was determined 20 d after the eggs were injected. Experiments were repeated monthly from October until January.
Comparison of the Ovipositor Sheath Length of Five Citrus-Infesting Fruit Fly Species. We determined the ovipositor sheath length (an indirect measure of aculeus length) of A. ludens, A. suspensa, Anastrepha serpentina Wiedemann, A. fraterculus (Mexican form; details in Aluja et al. 2003 and Hernández-Ortiz et al. 2004) , and C. capitata (n ϭ 100 per species, except for C. capitata in which case n ϭ 60). A. fraterculus was included because it has been reported infesting citrus in South America but is not a citrusinfesting species in Mexico (Baker et al. 1944 . A. serpentina was included because it has been reported to infest citrus on rare occasions (Aluja et al. 1987) . A. serpentina and A. fraterculus (Mexican form) were selected from trap samples from Apazapan, Veracruz. Alcohol-preserved A. suspensa and C. capitata females were obtained from Florida and Guatemala, respectively. Data Analysis. Peel puncture resistance, fruit color, fruit infestation (i.e., number of larvae per fruit), and number of eggs per clutch were transformed to ranks (Conover and Iman 1981) and subjected to a two-way analysis of variance (ANOVA). Larval survival from eggs originally injected into grapefruit (ßavedo, albedo, and pulp regions) also was transformed to ranks and subjected to a three-way ANOVA. Post hoc Scheffé tests were performed when applicable. We used letters to distinguish signiÞcant differences when it was graphically feasible (e.g., impossible in Fig. 2A , but possible in Fig. 2B ). Fruit ßy population levels (i.e., ßies per trap per day [FTD] ) were analyzed by nesting months (i.e., November, December, January, and February) within each season (e.g., 1992Ð1993). These data (i.e., FTD) were then transformed to ranks and subjected to an ANOVA. Depth at which eggs were laid inside fruit and the length of the ovipositor sheath were subjected to a two-way ANOVA and a one-way ANOVA, respectively. Statsoft (1998) was used to run all the above-mentioned analyses.
Results

GA 3 Effect on Peel Puncture Resistance and Fruit
Color. GA 3 signiÞcantly delayed the onset of fruit senescence (e.g., peel fruit softness), but we detected highly signiÞcant month by treatment interactions. To illustrate patterns, we present data from the 1992Ð1993 and 1994 Ð1995 seasons (Fig. 1) . During the 1992Ð1993 season, treated grapefruit were more resistant to puncture by the 1-mm-diameter metal probe (twoway ANOVA: month, F ϭ 213.18; df ϭ 3, 1681; P Ͻ 0.0001; treatment, F ϭ 127.39; df ϭ 5, 1,681; P Ͻ 0.0001; and month ϫ treatment, F ϭ 2.26; df ϭ 15, 1,681; P ϭ 0.0038). Fruit treated with GA 3 and a surfactant, were Þrmer than those treated only with GA 3 , whereas untreated fruit were the least hard. The effect of GA 3 on peel coloration was also dose-dependent, with highly signiÞcant month and month by treatment effects (two-way ANOVA: month, F ϭ 618.73; df ϭ 4, 1,681; P Ͻ 0.0001; treatment, F ϭ 99.23; df ϭ 5, 1,681; P Ͻ 0.0001; and month ϫ treatment, F ϭ 14.67; df ϭ 15, 1,681; P Ͻ 0.0001). Fruit treated with two applications of 20 ppm ϩ 0.1% L77 maintained greenness for a longer period than fruit treated with other doses. During the 1994 Ð1995 season, peel puncture resistance also differed statistically among treatments and months, but the interaction was not signiÞcant (twoway ANOVA: month, F ϭ 124.33; df ϭ 3, 228; P Ͻ 0.0001; treatment, F ϭ 26.16; df ϭ 2, 228; P Ͻ 0.0001; and month ϫ treatment, F ϭ 1.58; df ϭ 6, 173; P Ͻ 0.154). A similar pattern was observed for fruit col-oration even though in this case, the month by treatment interaction was signiÞcant (two-way ANOVA: month, F ϭ 82.82; df ϭ 3, 228; P Ͻ 0.0001; treatment, F ϭ 34.12; df ϭ 2, 228; P Ͻ 0.0001; and month ϫ treatment, F ϭ 2.43; df ϭ 6, 228; P ϭ 0.027). All treated fruit were greener than control fruit (Fig. 1B) . We note that the type of puncture resistance and fruit coloration patterns reported by Greany et al. (1991) for untreated and treated grapefruit are similar to the those we determined here. Assessment of Fruit Infestation by A. ludens. During the 1992Ð1993 season, all fruit treated with GA 3 (alone or in conjunction with the surfactant) were equally or signiÞcantly more infested than untreated fruit ( Fig.  2A) . Considering the entire season, there were signiÞcant month, treatment, and month by treatment interaction effects (two-way ANOVA: month, F ϭ 188.78; df ϭ 3, 1,618; P Ͻ 0.0001; treatment, F ϭ 2.38; df ϭ 5, 1,618; P Ͻ 0.0365; and month ϫ treatment, F ϭ 2.31; df ϭ 15, 1,618; P Ͻ 0.0029). Analyzing untreated fruit separately, we found that infestation levels increased signiÞcantly as the season progressed (oneway ANOVA: F ϭ 22.36, df ϭ 3, P Ͻ 0.0001) (Fig. 2B) .
For the 1993Ð1994 season, we also found signiÞcant differences in infestation between months and treatment, particularly during January, when, as was the case the year before, treated fruit were signiÞcantly more infested than untreated ones (two-way ANOVA: month, F ϭ 91.92; df ϭ 3, 3,279; P Ͻ 0.0001; treatment, F ϭ 8.51; df ϭ 1, 3,279; P Ͻ 0.0036; and month ϫ treatment, F ϭ 5.7; df ϭ 3, 3,279; P Ͻ 0.0007) (Fig. 3) .
Assessment of A. ludens Population Size. Population levels were signiÞcantly different among years and months (two-way nested ANOVA: season, F ϭ 26.53; df ϭ 2, 36; P Ͻ 0.0001; and month, F ϭ 26.53; df ϭ 9, 36; P Ͻ 0.0001). During the Þrst season (1992Ð1993), ßy populations increased steadily as the season progressed, skyrocketing in the month of February (Fig.  4) . In the remaining two study seasons, but particularly during 1994 Ð1995, populations seem to have crashed, with consistently low numbers over the entire harvest season (Fig. 4) .
Test on Oviposition Depth and Clutch Size Related to GA 3 -Treated and Untreated Citrus Fruit. Nearly all clutches (97.5%; n ϭ 39) laid in grapefruit were found in the albedo (Fig. 5) , with the exception of one that was found in the pulp region. Mean depth in treated fruit was 3.487 Ϯ 0.082 mm (n ϭ 75), and in untreated fruit was 3.645 Ϯ 0.065 mm (n ϭ 80). There were no signiÞcant differences in the depth at which females oviposited in fruit between treatments and between months (two-way ANOVA: month, F ϭ 0.694; df ϭ 3, 146; P ϭ 0.56; treatment, F ϭ 2.092; df ϭ 1, 146; P ϭ 0.15 
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With respect to the number of eggs per clutch, we also found no signiÞcant differences between months and treatments (insigniÞcance marginal in month), yet the interaction between these two variables was highly signiÞcant (two-way ANOVA: month, F ϭ 2.551; df ϭ 3, 151; P ϭ 0.06; treatment, F ϭ 0.873; df ϭ 1, 151; P ϭ 0.35; and month ϫ treatment, F ϭ 4.549; df ϭ 3, 151; P ϭ 0.0044). Interestingly, the mean number of eggs oviposited per clutch was greater very early in the season (October), because females oviposited a mean of 15.8 Ϯ 1.27 (n ϭ 20) eggs per clutch in GA 3 -treated fruit versus 10 Ϯ 1.25 (n ϭ 20) in untreated fruit during this month (Fig. 6B) .
Survival of A. ludens Larvae Artificially Inserted into Ruby Red Grapefruit. SigniÞcant differences in larval survival were only determined for eggs injected into the ßavedo region (Fig. 7) . We obtained significantly more pupae and larvae per fruit when eggs were injected into the albedo and pulp region, whether they were or were not treated with GA 3 , but this effect was contingent, among others, on time of year (three-way ANOVA: month, F ϭ 14.54; df ϭ 3, 214; P Ͻ 0.0001; treatment, F ϭ 3.16; df ϭ 1, 214; P ϭ 0.077; location, F ϭ 18.18; df ϭ 2, 214; P Ͻ 0.0001; month ϫ treatment, F ϭ 0.87; df ϭ 3, 214; P ϭ 0.454; month ϫ location, F ϭ 4.55; df ϭ 6, 214; P ϭ 0.0002; treatment ϫ location, F ϭ 5.65; df ϭ 2, 214; P ϭ 0.004; and month ϫ treatment ϫ location, F ϭ 2.44; df ϭ 6, 214; P ϭ 0.026). During October and November, when fruit was in better condition, more larvae developed than during December and January.
Comparison of Ovipositor Sheath Length of Five Citrus-Infesting Fruit Fly Species. When comparing the ovipositor sheath length of A. suspensa, A. fraterculus (Mexican form), A. serpentina, A. ludens, and C. capitata, we found a highly signiÞcant difference (one-way ANOVA: F ϭ 2004; df ϭ 4, 459; P Ͻ 0.00001) (Fig. 8) . Of the four species that infest citrus (Mexican form of A. fraterculus being the exception), the ovipositor sheath of A. ludens is Ϸ2.5 times longer than the ovipositor sheath of C. capitata and is twice as long as the ovipositor sheath of A. suspensa (Fig. 8) .
Discussion
Although application of GA 3 before color break signiÞcantly delayed the onset of grapefruit senescence (e.g., increased peel fruit softness as the season progressed), we detected no signiÞcant effect of GA 3 Fig. 4 . A. ludens population ßuctuation (ßies per trap per day) in a commercial orchard in Martṍnez de la Torre, Veracruz, Mexico, during the 1992Ð1993, 1993Ð1994, and 1994Ð1995 grapefruit harvest seasons. Greany et al. (1987 Greany et al. ( , 1991 for A. suspensa in Florida, and in Israel with C. capitata (Rö ssler and Greany 1990) despite that we used similar experimental procedures, GA 3 application methods, and doses. We think that the difference in results between Florida and Mexico can be partially explained by the following three factors: First, Mexican fruit ßies are well adapted to infesting citrus. For example, they have a long enough aculeus to place their eggs below the toxic oils in the ßavedo region of the peel (Figs. 5 and 6A ). Comparison of the ovipositor sheath length (an indirect measure of aculeus size) of other citrus-infesting fruit ßy species indicated that A. ludens had the longest ovipositor of all (Fig. 8) . Studies in Guatemala also report that A. ludens can infest citrus more successfully than C. capitata (EskaÞ 1988) . Anastrepha ludensÕ long aculeus is probably adapted to ovipositing into seeds of its ancestral host plant Sargentia greggii S. Watson, also a Rutaceae (Plummer et al. 1941 , Aluja et al. 2000 . This ability (i.e., to oviposit deep in a fruit and therefore avoid the toxic ßavedo) explains in part why when shifting to the more widespread citrus, A. ludens females were able to oviposit in the albedo region, and as a consequence, successfully infest this "novel host" (introduced to Mexico by Spaniards in the sixteenth century).
Consistent with the above-mentioned information, when fruit were dissected to determine oviposition depth, A. ludensÕ clutches were always found in the albedo or pulp, almost never (one exception) in the ßavedo region of grapefruit. ArtiÞcial injection tests revealed that eggs injected into the albedo and pulp of grapefruit hatched and developed in a signiÞcantly higher proportion than eggs injected into the ßavedo region (Fig. 7) . In contrast, A. suspensa, C. capitata, and South American populations of A. fraterculus only lay their eggs in the ßavedo region of the grapefruit peel , EskaÞ 1988 , Rö ssler and Greany 1990 ) and cannot avoid toxic essential oils that cause high egg and larval mortality (Ortu 1978; Greany et al. 1983 Greany et al. , 1985 . We note that egg and larval mortality in A. suspensa and C. capitata also has been attributed to citrus rind pH (Sampaio et al. 1984) , rag structure (Back and Pemberton 1915), rind mechanical resistance (Bodenheimer 1951) , albedo rag toughness, ßavedo thickness, pectin secretion, and presence of essential oils in the rind (Back and Pemberton 1915 , Hanna 1947 .
Second, A. suspensa lays only one egg per clutch , whereas A. ludensÕ clutch size varied in this study from eight to 16 eggs (Fig. 6B ), but clutch size can be as high as 40 eggs (Aluja et al. 2000) . This may contribute to the success of A. ludens exploiting citrus (details follow). Moreover, at the beginning of the harvest season in October, clutch size was larger in treated grapefruit than untreated grapefruit, compared with clutch sizes laid in December. This seems to indicate that A. ludens females facultatively adjust clutch size when encountering an inhospitable medium for larval development. The latter phenomenon was experimentally conÞrmed by Dṍaz-Fleischer and , who found that indeed A. ludens females oviposited larger clutches in Þrm (unripe) versus soft (ripe) hosts (mangoes were used), a mechanism that signiÞcantly increases larval survival in unripe fruit.
Third, GA 3 in Florida is used in more intensively managed orchards, where A. suspensa populations are minimal or nonexistent (ßy-free zones) and fruit production is managed efÞciently. Here, we tested this relatively sophisticated technology under different conditions because orchard management in Mexico is generally less intensive than in Florida, which exacerbates pest and disease problems. Inadequate water balance, lack of micronutrients, and severe mite infestations generate general stress in trees. These factors might increase fruit vulnerability and diminish the effect that GA 3 might have on reducing fruit suscep- As the season progressed, we recorded an increase in grapefruit infestation rates (Figs. 2B and 4) . A similar phenomenon was already observed by Baker et al. (1944) working in the neighboring state of Tamaulipas, Mexico. Higher infestation late in the season was most likely the result of larger numbers of ovipositing females. Based on the latter, in Veracruz, grapefruit are normally harvested during December to avoid fruit ßy attack and this was not an exception in the vicinity of our experimental study. It is therefore likely that after trees surrounding our experimental plot were stripped of fruit, ßies concentrated their oviposition activities in our experimental area. When fruit ßy populations decreased the following year (1993Ð1994; Fig. 4 ) infestation levels also decreased. Importantly, and consistent with results in Florida (Greany at al. , 1991 , GA 3 delayed peel softening and peel coloration of treated grapefruit. Fruit size also was signiÞcantly increased by GA 3 treatment, and late season fruit drop was reduced (E.B., unpublished thesis). Thus, this approach could be potentially useful to local Veracruz fruit growers because it could allow them to signiÞcantly increase yield, extend the harvest season, and obtain better prices for their product, but only in orchards where A. ludens populations are kept under the economic threshold level using toxic bait sprays or the combination of bait sprays and massive sterile ßy releases. Otherwise, the strategy can backÞre because as shown here, A. ludens females prefer GA 3 -treated over untreated fruit late in the season.
In conclusion, our results here clearly underscore the challenges faced when trying to manage pestiferous fruit ßies by means of biorational methods. Techniques that work well in a particular region, with a particular commodity or ßy species, do not necessarily work as well under different circumstances. That GA 3 applications are effective at reducing damage to citrus by A. suspensa and C. capitata, but ineffective against A. ludens illustrates the situation well. The latter also underscores the need to tailor fruit ßy management schemes to the needs of local growers and to consider the idiosyncrasies of every pest species. For example, Aluja and Piñ ero (2004) recently documented that commercial baits or cost-free alternatives such as human urine, are not equally attractive to the three economically (A. ludens, A. obliqua, and A. serpentina) and one noneconomically important species of Anastrepha (Mexican form of A. fraterculus). It also highlights the differences between optimally (e.g., Florida) and suboptimally (e.g., Veracruz) managed groves with respect to the possibilities of applying cutting-edge technologies. Veracruz, Mexico), John Sivinski (USDAÐARS, Gainesville, FL), Stuart R. Reitz (USDAÐARS, Tallahassee, FL), and two anonymous referees for useful comments on earlier drafts of the manuscript. Finally, we thank Nicoletta Righini for helping us format the manuscript and all the Þgures. We acknowledge the USDAÐARS (SpeciÞc Cooperative Agreement 58-6615-3-006), Abbott Laboratories, Fondo de Estudios e Investigaciones Ricardo J. Zevada, and the Secretarṍa de Agricultura, Ganaderṍa, Desarrollo Rural y PescaInstituto Interamericano de Cooperació n para la Agricultura (SAGARPA-IICA) through the Mexican Campañ a Nacional contra las Moscas de la Fruta for Þnancial support. This study forms part of the undergraduate thesis of A.B. directed by M.A. and presented at the Universidad Veracruzana, Xalapa, Veracruz, as partial fulÞllment to obtain the degree of "Bi-ó loga." 
